Objectives-To study incidence and mortality of leukaemias, cancer of the larynx, and other cancers near the petrochemical plant at Baglan Bay, in response to local concerns of an alleged cluster of cancers in the vicinity. Methods-This is a small area study of cancer incidence, 1974-84 and of mortality, 1981-91 based on the national postcoded data held by the Small Area Health Statistics Unit and with population and socioeconomic data from the 1981 census. The study is centred on BP Chemicals Ltd, Baglan Bay, Port Talbot, West Glamorgan, South Wales and includes a general population sample of 115 721 people (1981 census) living within 7*5 km of the plant. Cancer incidence and mortality for all cancers, leukaemias, and cancer of the larynx were examined within 7*5 km and 3 km of the plant, and tests for decline in risk of these cancers with distance from the plant were carried out. Mortality from several other cancers possibly associated with the petrochemical industry was also studied. Results-There were 5417 incident cancer cases and 2458 cancer deaths within 7.5 km of the plant during the periods of study. There was an 8% excess incidence of all cancers within 7 5 km, and a 24% excess of cancer of the larynx, consistent with a general excess of these cancers in West Glamorgan, but no apparent decline in incidence with distance from the plant, nor excess mortality. There was also no evidence of decline in leukaemia incidence or mortality with distance, at all ages or in children. Among the other causes included in the mortality study, there was an excess of multiple myeloma within 7-5 km, especially among women, and a significant decline in mortality from non-Hodgkin's lymphomas although there was no excess overall within 7*5 km.
7.5 km of the plant during the periods of study. There was an 8% excess incidence of all cancers within 7 5 km, and a 24% excess of cancer of the larynx, consistent with a general excess of these cancers in West Glamorgan, but no apparent decline in incidence with distance from the plant, nor excess mortality. There was also no evidence of decline in leukaemia incidence or mortality with distance, at all ages or in children. Among the other causes included in the mortality study, there was an excess of multiple myeloma within 7-5 km, especially among women, and a significant decline in mortality from non-Hodgkin's lymphomas although there was no excess overall within 7*5 km.
Conclusions-The apparent excess incidence of all cancers and cancer of the larynx within 7 5 km of the BP Chemical Ltd works was consistent with an excess more generally in West Glamorgan, possibly related, at least to some extent, to cancer registration in Wales. There was no excess mortality from these cancers. The results for multiple myeloma and especially non-Hodgkin's lymphomas may have been chance findings in view of the multiple tests of significance carried out in the study. A study oflymphatic and haematopoietic cancers near oil refineries in Great Britain is to be undertaken that will help put the findings of the present study in wider context. The Small Area Health Statistics Unit is an independent national facility that uses routine data for the investigation of health statistics near industrial installations.1 2 It incorporates a comprehensive national database that includes postcodes of addresses for the analysis of rates of cancer incidence and mortality in small areas located anywhere in Britain. This study was undertaken in response to concerns of a local pressure group based in the Port Talbot area, about an alleged cluster of cancer, especially of the larynx, and leukaemia among children, near the Baglan Bay petrochemical works (BP Chemicals Ltd) over a period of about six years ; there was also concern about several deaths among teachers and pupils at the nearby comprehensive school. The concerns at Baglan Bay received attention in a SKY television programme, and in the Independent
Magazine.3
The plant is concerned with petrochemical processing. It first started operation in 1963, and produced alcohols, styrene, olefins, and benzene from the mid-1960s, and vinyl chloride monomer and polyvinyl chloride (PVC) *Expected numbers based on rates from Great Britain (incidence) and England and Wales (mortality).
tRegional adjustment factor standardised for age and index of deprivation, average males and females. The main hypotheses identified at the start concerned, for both sexes combined, the incidence (1974-84) of all cancers and cancer of the larynx at all ages and ages 0-64, as well as leukaemias in children (0-14), adults , and at all ages. The main analyses of mortality were for both sexes combined at ages 0-74, as well as all cancers, leukaemias, and blood disorders at ages 0-14.
Two sets of data (not independent) were examined for each cause. Firstly, for descriptive purposes, observed (0) and expected (E) values, observed/expected (O/E) ratios, and their 95% confidence intervals (95% CIs) (assuming a Poisson distribution) were obtained for the entire 7-5 km study area, and for an area close to the source, chosen at the start to be from 0-3 km. Secondly, 0, E, and O/E ratios were obtained for eight bands delimited by circles up to a radius of 7-5 km, chosen at the start to give four circles close to the plant (within 3 km) with the rest enclosing bands of roughly equal areas. Thus eight bands were defined between circles of radii 0.5, 1-0, 2-0, 3-0, 4-6, 5-7, 6-7 and 7-5 km.
Tests of significance, based on those described by Stone,'7 used data from these eight bands to test for decline in risk at some (unspecified) distance from the plant. This approach partly overcame problems of inference associated with the arbitrary choice of boundaries as data are examined and tested simultaneously over all distance bands included in the study, and a single P value is obtained. Significance levels were obtained by Monte Carlo methods based on 999 simulations. The tests may give significant results even where there is no overall excess in the area considered.
Two tests were done, referred to here as the unconditional and conditional tests. For the unconditional test, the null hypothesis was that the relative risk in each of the bands was equal to one. An isotonic alternative includes any pattern of non-increasing risk over the bands. The null hypothesis can be rejected either because of a raised relative risk over the study area as a whole-that is, within 7-5 km-or because of a decline in risk with distance. The data were further explored by use of the conditional test'8 19 that corrects for the overall level of risk by constraining the sum of expected numbers over the (7-5 km) study area to be equal to the sum of the observed numbers.
The study, particularly of mortality, included exploratory analyses of a number of cancer sites, as well as subgroups of cancers, and analysis by sex and age. This involved over 75 unconditional Stone's tests, although not all were independent. Care has to be taken when interpreting the results of multiple significance tests, where many tests were performed. If the 75 tests were truly independent, with a significance level of 5%, up to seven significant results might be expected by chance alone.
Results
The population within 7-5 km of the plant was 115 721 at the 1981 census (56 302 males and 59 419 females) and it was 26 206 within 3 km. There were 12 133 boys and 11517 girls aged 0-14 within 7-5 km in 1981, and 2681 and 2499 respectively within 3 km. The area within 7-5 km was more deprived than the average for Great Britain as a whole, especially from 0-5-1 km, where ratios of expected values stratified or unstratified by the deprivation index were 1-11 for the incidence of all cancers and 1-32 for cancer of the larynx. Results in the tables are given for both sexes combined and for the age groups identified at the start as of most interest. An appendix with age and sex specific results is available on request. fig 2A) . Again, this apparent excess generally in the area was consistent with the 24% excess recorded in West Glamorgan as a whole (table 1) . km, there were 119 leukaemia cases in the 11 years of study against 106-3 expected (O/E 1-12; 0-94-1-34), and 51 and 38i8 respectively at ages (1 32; 1 00-1 73) with no evidence of decline in risk with distance from the plant (table 2) . A close examination of all the 119 incident leukaemia registrations was undertaken in collaboration with the Office of Population Censuses and Surveys. Two duplicate registrations and one triplicate were found (all at ages 15-64). Among children (0-14) 10 leukaemia cases were observed within 7-5 km (9-9 expected), two of which were within 3 km (2-1 expected); again there was no evidence of decline in risk with distance (table 2) .
Review of the childhood cases by the Childhood Cancer Research Group showed two on the database of the Small Area Health Statistics Unit that had incorrect postcodes (one boy, one girl), both of which should have been located within 3 km. One of these cases had been included in the band 3-4-6 km; the other had a non-valid postcode as the address at registration was incorrect, and hence the case was excluded from this analysis. Correct allocation of these two cases would have given four rather than two cases within 3 km (O/E 1-87; 0-51-4-81); Stone's test of the revised data remained non-significant (unconditional test P = 0.61). 3 ). There were four deaths from leukaemia among children (1 19; 0 33-3 06), two of which were also included in the incidence analysis; two of the four deaths occurred within 3 km (one lymphoid, one myeloid) v 0-7 expected (2-74; 0 33-9 90, table 3). The Stone's tests were not significant in all these analyses (table 3) .
For multiple myeloma, adjustment for deprivation resulted in expected values lower (and hence O/E ratios higher) by up to 5%, as national reference rates are lower in more deprived areas. Forty two deaths from multiple myeloma were recorded within 7-5 km during 11 years v 28-2 expected (O/E 1-49; 1-10-2 01, table 3 and fig 2B. All these deaths were over the age of 55 (62% over 65 years), 13 were within 3 km (2-15; 1-25-3-67, table 3) and 25 were among women; analysis by sex showed that the excess within 7* 5 km was predominantly among women (2-01; 1 -36-2-97). Over the same period, the standardised mortality ratio for multiple myeloma in West Glamorgan was 0 94 (table 1) . When data for all eight bands were examined, the combination of Stone's tests (both sexes combined, unconditional P = 0-057 and conditional P = 0-36; women, P = 0-014 and P = 0-65, respectively) suggested a general excess of multiple myeloma in the area, especially among women, rather than decline in risk with distance, because the unconditional, but not the conditional test assumes that the background risk is 1 0-that is, the regional average; morphology (ICD-9 code 202 8). Unconditional (P = 0O045) and conditional (P = 0O023) Stone's tests for the eight bands suggested decline in risk with distance, significant at the 5% level (table 3 and fig 2B. Analysis by sex showed a significant decline for women (Stone's unconditional test P = 0-021, conditional P = 0008) but not men (unconditional P = 0O60).
Discussion
This report presents an analysis of the incidence of cancer and mortality (1981-9 1) within 7 5 km of the petrochemical works at Baglan Bay and follows reports of an alleged cluster (from 1984) of cancers in the area, especially cancer of the larynx and leukaemias. The petrochemical industry involves exposure to benzene, which is a recognised cause of leukaemias at least in an occupational setting,7 where exposures are likely to be many times higher than those experienced by residents living in the vicinity of a petrochemical plant. For children, an association of leukaemia and non-Hodgkin's lymphomas with occupational exposure of fathers to benzene in the preconceptional period has been reported,20 and in this age group the geographical distribution of leukaemia and non-Hodgkin's lymphomas shows evidence of spatiotemporal clustering. 21 In this enquiry, however, there was no evidence of decline in leukaemia incidence or mortality with distance, at all ages or in children.
Our finding of an excess incidence of all cancers and cancer of the larynx within the 7.5 km study area is consistent with a general excess of these cancers in West Glamorgan. There was no apparent decline in risk with distance from the plant and we found no evidence of excess mortality from these cancers. For cancers with prolonged survival such as cancer of the larynx (or childhood leukaemias) it is recognised that mortality data are a poor proxy for cancer incidence.
The study was by design centred on the Baglan Bay petrochemical plant, although many other possible sources of industrial pollution are located nearby. These include the British Steel plant at Port Talbot (fig 1) , containing coking works, and an oil refinery at Llandarcy, within 4 km of the Baglan Bay petrochemical plant. Thus any trend of risk with distance may be obscured by other possible (environmental) risks operating near the plant.
The general excess of cancers in West Glamorgan needs to be viewed in the context of cancer registration in Wales, for which there have been recent concerns about duplication of records in the National Cancer Registry.22 In our study, scrutiny of all 119 leukaemia registrations found two duplicate registrations and one triplicate. Examination of incidence relative to mortality gives an indication of the degree of possible over (or under) registration. Recent data indicate higher incidence to mortality ratios in Wales than for any other region of England and Wales.22 For West Glamorgan in our study, in comparison with regionally adjusted national rates, there was a 5% excess incidence for all cancers but a 2% deficit of mortality, during the respective study periods of 1974-84 and 1981-91; in contrast, for cancer of the larynx, the standardised ratio estimates for both incidence and mortality were raised (1 -24 and 1 -13 respectively). To our knowledge, an association between benzene exposure or the petrochemical industry and cancer of the larynx has not been reported; the main known risk factors for this cancer are cigarette smoking and alcohol drinking, although occupational risks-for example, mustard gas and asbestos-are also described.23 24 The mortality study included other causes of death possibly associated with the petrochemical industry. We found an excess generally of multiple myeloma within the 7-5 km study area, but Stone's tests were not indicative of decline in risk with distance from the plant. Relative mortality from multiple myeloma in West Glamorgan as a whole was less than one (standardised mortality ratio 094). The excess mortality was found especially among women, whereas previous studies in England and Wales found higher rates in men than women.25 The reasons for the higher mortality in women in our study are unclear, and may represent a chance finding. Mortality from multiple myeloma tends to reflect reported incidence well, because fatality is high and median survival time is only two or three years26; 97% agreement has been reported between death certification and hospital diagnosis of multiple myeloma.2' No errors or inconsistencies in coding were found on review of death certificates of the 42 cases of multiple myeloma included in our study.
Associations between multiple myeloma and benzene exposure have been reported, again in an occupational setting, for example, in case series9 28 and studies of chemical workers.7 15 It has been postulated that low cumulative exposures to benzene may produce a well differentiated cancer such as multiple myeloma, whereas higher exposures may lead to leukaemia.'29 In our study, there seems to be no clear explanation for the apparent local excess of multiple myeloma; the possibility of a chance finding should be considered in view of the multiple tests of significance carried out in the study.
We also found a significant decline in mortality from non-Hodgkin's lymphomas, especially in women, although there was no excess overall within 7 Secondly, we used a radial dispersion model of decline in risk with distance, uniform in all directions, in the absence of historical exposure data, although recent monitoring in the area-for example of benzene-was not suggestive of generally increased levels near the plant.5 Thirdly, the study of cancer incidence near a single industrial site generally lacks statistical power for rare diseases, and the retrospective nature of the statistical tests for the cancers of initial concern-that is, all cancers, cancer of the larynx, and leukaemias-greatly complicates their interpretation. Fourthly, for some cancers, including the that of larynx, there is the problem of possible residual socioeconomic confounding despite attempts to correct for it by use of the deprivation index. Despite these limitations, a major strength of the approach of the Small Area Health Statistics Unit is the ability to examine the available statistics for small areas close to an industrial plant, and where necessary, to replicate the study elsewhere if the findings warrant further investigation.
In summary, the apparent excess incidence of all cancers and cancer of the larynx within 7.5 km of the BP Chemicals Ltd works was consistent with an excess of these cancers in West Glamorgan. Although the cancer incidence data available for this study did not cover the period during which the apparent cluster of cancers in the Baglan Bay area was alleged (from 1984), some reassurance is gained from the absence of significant decline in the earlier period, as well as from the finding of no excess mortality from these cancers during the period of concern. A study of lymphatic and haematopoietic cancers near oil refineries in Great Britain is to be undertaken, which will help put the findings of our study in wider context.
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